SUMMARY "Contrast echocardiography," utilizing a twodimensional ultrasound system and peripheral venous injections, was used for the detection of tricuspid regurgitation in 30 patients. The appearance of contrast in the inferior vena cava and the back and forth movement of contrast across the tricuspid valve were considered evidence for tricuspid regurgitation. Echocardiographic findings were correlated with clinical and angiographic data. Patients were assigned on the basis of clinical data to one of three groups. Group I included five patients whose clinical findings were diagnostic for tricuspid regurgitation. Group II included patients (15) whose clinical TRICUSPID REGURGITATION may be hemodynamically important and is relatively frequent in the presence of severe mitral valve disease, cardiomyopathy or pulmonary hypertension. Yet the diagnosis of tricuspid regurgitation, on the basis of clinical findings, is often difficult to make with certainty. An early, tall and broad V wave on the jugular venous pulse tracing is very helpful if present, but severe tricuspid regurgitation may occur in association with a relatively normal venous pulse tracing.' In addition early, broad V waves may be seen in patients with congestive heart failure in whom there is no other evidence for tricuspid regurgitation.' Right ventricular cineangiography is frequently inconclusive with regard to tricupsid regurgitation, due to the presence of a cardiac catheter across the tricuspid valve which may itself induce some degree of valvular incompetence. Thus, a technique for the detection of tricuspid regurgitation, which is more sensitive and specific than existing methods, would be of value.
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Bove' '3and Kremkau4 have shown that the rapid injection of liquid into the vascular system causes the development of tiny bubbles in the liquid, and that these microcavitations serve as excellent ultrasound targets. The utilization of microcavitations for "contrast echocardiography" has been described since 1968.5 Clouds of echo targets produced by the rapid injection of small boluses of indocyanine green dye, saline, 5% dextrose in water or the patient's own blood have been utilized effectively for the demonstration of cardiac anatomy, aortic and mitral regurgitation and intracardiac shunts.'-" Conventional M-mode echocardiography has been used in all previous studies. Most previous studies using this technique have required the placement of intracardiac or intra-aortic catheters at the time of cardiac catheterization and/or surgery. One recent study utilized peripheral vein injections of 5% dextrose in water or blood findings were equivocal for tricuspid regurgitation and patients whose recognized primary problem is frequently associated with tricuspid regurgitation. Group III contained ten patients serving as controls. All group I patients had positive echocardiographic studies for tricuspid regurgitation, while all group III patients had negative studies, suggesting that this technique may be specific for tricuspid regurgitation. Among the group II patients were three who had positive echocardiographic studies despite the absence of specific clinical findings of tricuspid regurgitation, suggesting that this technique may be more sensitive than the methods in common use.
for the detection and localization of intracardiac right-toleft shunts. 9 In the present study contrast echocardiography, utilizing a recently developed two-dimensional ultrasound system and peripheral venous injections of normal saline and/or indocyanine green dye, was evaluated as a technique for the detection of tricuspid regurgitation. Echocardiographic findings were correlated with physical signs, jugular venous pulse tracings and right ventricular cineangiograms.
Methods

Patients
The initial study group included 32 patients who were referred to the Duke Cardiovascular Laboratory for cardiac catheterization and/or two-dimensional echocardiography between August 1976 and March 1977. All patients underwent phonocardiography, including a jugular venous pulse recording. The presence of tricuspid regurgitation in 22 patients was suggested by physical signs and/or the clinical setting. Ten patients who served as controls for this study were referred to the Cardiovascular Laboratory for cardiac catheterization because of chest pain. None of the control group had physical findings suggesting the presence of tricuspid regurgitation.
On the basis of clinical data, each patient was assigned to one of three groups (table 1). Group I included five patients with physical findings and jugular pulse tracings that were diagnostic for tricuspid regurgitation (see phonocardiographic methods). Group II was composed of 17 patients: those in whom clinical findings were suggestive of, but not diagnostic for, tricuspid regurgitation, and those in whom physical findings were negative, but in whom the clinical setting (e.g., severe mitral valve disease) frequently is associated with tricuspid regurgitation. Group III included the ten control patients.
Two-dimensional echocardiography with peripheral venous injection of saline and/or indocyanine green dye was performed on all patients, as described below. For these studies to be considered technically acceptable, it was required that the microcavitations be visualized in the right 2D-ECHO IN TR/Lieppe, Behar, Scallion, Kisslo atrium and right ventricle. In two patients (both in group II) microcavitations were not visualized, and these patients were excluded from the study population.
Cardiac catheterization with right ventricular angiography was performed in nine of the 22 patients in groups I and II. All group III patients underwent right and left heart catheterization, but none had right ventricular contrast injections. All studies were performed within three days of each other. Informed consent was obtained from every patient in the study before any peripheral venous injections were performed.
Phonocardiographic Methods
Phonocardiography and jugular venous pulse recordings were performed using standard techniques' and a Siemens mingograf recorder. In patients who did not manifest overt congestive heart failure, the jugular pulse tracing was considered diagnostic for tricuspid regurgitation when the V wave was early-beginning, broad and more prominent than the A wave' (fig. 1) . Broad, early-beginning V waves when recorded in patients with overt congestive heart failure were considered only suggestive for tricuspid regurgitation, because they have been observed in such patients in the absence of other evidence for tricuspid regurgitation.' All patients in whom a V wave could be recorded over the liver were considered to have tricuspid regurgitation, even in the presence of congestive heart failure.
Echocardiographic Methods
Two-dimensional echocardiograms were obtained using a previously described real-time, focused, phased array imaging system developed in the Duke University Biomedical Engineering Department. Twenty-two of the patients included in the study were examined using the prototype of this device," while ten were examined using a commercially available model (Grumman RT-400). These systems produce high resolution images of cardiovascular structures which are presented in real-time, in a circular sector Two-dimensional images were routinely obtained in multiple cross-sectional planes through the heart, as previously described.'2 Most pertinent to this report are the data obtained from images through the long axis of the tricuspid valve. In addition, with the transducer placed in the subxyphoid area, the right atrium, tricuspid valve, inferior vena cava (and hepatic veins) and sometimes the right ventricle were visualized simultaneously in the same plane. Images in these planes of view are illustrated in figure 2 . Bolus injections (4-5 cc) of normal saline and/or indocyanine green dye were injected rapidly by hand into an antecubital vein while viewing images in the plane of the right atrium and inferior vena cava. While continuously recording on videotape, observations were made for appearance of a cloud of echoes in the inferior vena cava. The transducer was then moved to obtain images in the long axis of the tricuspid valve, and additional injections were made to demonstrate the appearance of microcavitations in the right heart chambers. J. H. was a 23-year-old male with overt congestive heart failure related to familial cardiomyopathy. His physical exam showed the jugular veins to be moderately distended, with a predominant A wave. There were no cardiac murmurs. The liver was not enlarged. Jugular venous pulse tracing demonstrated a predominant A wave, and the V wave was early-appearing and broad. Contrast echocardiography was positive for tricuspid regurgitation. Cardiac catheterization was not performed.
There were three patients in group II in whom right ventricular cineangiography was inconclusive for tricuspid regurgitation. Echocardiographic studies were clearly positive in two of these patients and negative in the other. In each of the ten group III patients, echocardiography with peripheral saline injection was negative for tricuspid regurgitation.
The results of two-dimensional echocardiographic contrast studies in each of the patient groups are represented graphically in figure 6 . Every patient with a positive echocardiographic appearance of microcavitations in the inferior vena cava, in whom the tricuspid valve was clearly visualized, also showed movement of microcavitations back and forth across the tricuspid valve.
Discussion
Contrast echocardiography, using intravascular or intracardiac injections, has been shown to be a useful and safe technique for the delineation of cardiac anatomy and for the detection of intracardiac shunts and aortic and mitral regurgitation.5"1' All previously published studies have utilized M-mode echocardiography. The present study evaluates two-dimensional echocardiography and peripheral venous injections for the detection and confirmation of tricuspid regurgitation.
The 20 patients included in groups I and II represented a spectrum of the causes of tricuspid regurgitation, including cardiomyopathy, mitral valve disease, atrial septal defect and pulmonary hypertension. That this technique is specific for tricuspid regurgitation is suggested by the fact that it produced a positive result in all group I patients and a negative result in all group III patients. The sensitivity of the technique is more difficult to establish, since there is no completely reliable standard of reference for the detection of tricuspid regurgitation. However, the presence of three patients in this series in whom clinical findings for tricuspid regurgitation were absent and in whom contrast echocardiography produced a clearly positive result suggests that the technique is sensitive. Of particular importance are the three patients in this series in whom both physical findings and right ventricular angiography were inconclusive. Two of these three patients clearly demonstrated tricuspid regurgitation by contrast echocardiography while the other did not, suggesting that this technique may be both more sensitive and specific than currently used methods.
The potential limitations of this technique, like all those dependent on ultrasound, are related in part to the quality of sound transmission in any given patient. Such limitations were exemplified by the two patients who were excluded from our initial study population because microcavitations could not be visualized in either the inferior vena cava or right heart. Another limitation of the technique, as presently employed, is that it provides no quantitative information about tricuspid regurgitation. Thus it would be of value for determining the presence of tricuspid regurgitation but not its severity. The advantages of this technique for the detection of tricuspid regurgitation relate to the use of a twodimensional ultrasound system which provides images in real-time. The utilization of ultrasound and peripheral venous injections makes possible study of the tricuspid valve without the presence of a catheter across the valve. The realtime format of the images allows one to appreciate the direction of movement of the microcavitations during each phase of the cardiac cycle. This is not possible with conventional M-mode techniques. The two-dimensional echocardiographic system provides spatial orientation which renders the inferior vena cava, hepatic veins and right atrium readily identifiable and allows them to be visualized simultaneously in the same cross-sectional plane. In fact, since the peritoneal cavity is normally free of air, high quality images of the inferior vena cava and right atrium, obtained by holding the two-dimensional transducer over the epigastrium, are often more readily produced than are high quality images in the long axis of the tricuspid valve, which must be obtained by holding the transducer over the chest. An added advantage of detecting tricuspid regurgitation by the appearance of contrast in the inferior vena cava is its simplicity, in that it makes unnecessary the distinction between true back and forth movement of microcavitations across the tricuspid valve and the slight backward movement of microcavitations in the right atrium consequent to the right atrial C wave.
